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1. Review of the results reported in the last team meeting

(a) spectral dependence of light-induced degradation in nc-Si:H
solar cells

2. New experimental results-Electrical bias dependence
(a) Forward current injection
(b) Light-soaking under reverse bias

3. Microscopic Model for the metastability in nc-Si:H solar
cells



Light soaking under lightswith different spectra
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Light soaking under lightswith different spectra

For nc-Si:H solar cdll:

No light-induced degradation was found under the red light.

More degradation was under the blue light than under the white light,
which is due to more absorption in the amorphous phase and more
absorption near the i/p interface.

For a-SiGe:H solar cell:

Light-induced degradation was observed under all three light sources.

The blue light produced the highest degradation, the white light in the
middle, the red light the lowest. The difference is mainly dueto the
non-uniform absorption.
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Forward current soaking experiment
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Tablel. Behavior of Vo and FF for an aSi:H (Cell 1), an aSiGe:H (Cell 2) and
three nc-Si:H (Cells 3-5) cells under various forward bias conditions in the dark.

Sampl e State Voc AVOC FF AFF/FFm
V)  (mv) ()
aSi:H Initial 0.998 0.696

Cell 1 20 hr, 1V, 3 mA/cm? 0.978 20 0.664 4.6

aSiGeH Initial 0.623 0.638
Cell 2 20 hr, 1V, 72 mA/cm?  0.597 26 0596 6.5
nc-Si:H Initia 0.469 0.575
Cell 3 15 hr, 0.5V, 7 mA/cm?  0.469 0 0.579 +0.7
Initial 0.469 0.591
Cell 4 15 hr, 1V, 58 mA/cm?  0.470 1 0.588 -05
Initial 0.472 0.587

Cel 5 64 hr, 1V, 57 mA/cm?>  0.474 2 0.590 +0.5
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Light soaking under reverse electrical bias

Tablell. Vyand FF valuesfor the aSi:H (Cells 1, 2)and nc-Si:H (Célls
3, 4) cells before and after AM 1.5 light soaking at 25 °C with and without

a—2V bias.
Sample State Voo AVee FF AFF/FFi,
V)  (mv) (%)
aSi:H Initial 0.984 0.695
Cdl 1 69 hr, no bias 0.954 -30 0.635 -8.6
Initial 0.985 0.704
Cdl 2 69 hr, -2V 0.983 -2 0.708 +0.6
nc-Si:H Initia 0.476 0.591
Cdl 3 63 hr, no bias 0.467 -9 0.559 -5.4
Initial 0.476 0.594
Cdl 4 63 hr,-2V 0.427 -49 0.523 -12.0
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Tablelll. JV characteristics of the initia (In.) and degraded (Deg.) nc-Si:H solar cells.
The light-soaking was done under one sun white light with various bias conditions of —1
V, short circuit, open circuit, and +1 V at 50 °C.

No. (V) (V) (mV) [FFin [FFuin [FFin
(%) (%) (%)

1 -1V In. 0.479 0.634 0.663 0.664
Deg. 0464 -15 0563 -11.2 0624 -59 0579 -128

2 In. 0.479 0.633 0.659 0.664
Deg. 0464 -15 0566 -10.6 0624 -53 0580 -12.7

3 Short In. 0.483 0.618 0.664 0.660
circut Deg. 0472 -9 0580 -6.1 0636 -42 0617 -65

4 In. 0.480 0.631 0.663 0.663
Deg. 0474 -6 0574 -90 0638 -38 0599 -97

5 Open In. 0.477 0.622 0.650 0.653
circut Deg. 0470 -7 0600 -35 0617 -51 0622 -47

6 In. 0.478 0.628 0.655 0.655
Deg. 0470 -8 0603 -40 0618 -56 0622 -50

7 +1V In. 0.482 0.608 0.655 0.655
Deg. 0467 -15 0587 -35 0607 -73 0621 -52

8 In. 0.478 0.629 0.656 0.651

Deg. 0465 -13 0604 -40 0612 -6.7 0624 -41
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Table 1V. JV characteristics of the nc-Si:H single junction solar cells before (In.) and after
(Deg.) light-soaking with a reverse bias of —1.5 V at different light spectra. Light-soaking was
carried out at 50°C for 309 hours. The intensity of the red, blue, and white lights was adjusted to
produce the same short circuit current in the cells.

Cdl Light-soaking Status Ve AV FF AFF/FFin,
No. Conditions V) (mV) (%)
1 Red light In. 0.472 0.593
-1.5V Deg. 0.472 0 0.598 +0.8
2 Blue light In. 0.468 0.585
-1.5V Deg. 0.438 -30 0.539 -7.9
3 White light In. 0.472 0.587

-15V Deg. 0.405 -67 0.527 -10.2
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Summary of experimental results

1. Light-induced degradation was observed in nc-Si:H solar cells. The
degradation isin the range of 0-15%.

2. Red light with photon energy less than the a-Si:H band gap does not cause
degradation in nc-Si:H solar cells. Blue light causes more degradation
than while light for the same light intensity.

3. Noforward current induced degradation in nc-Si:H.

4. Anéectrically reverse bias enhances the light-induced degradation in nc-
Si:H solar cells

5. Thereverse bias enhanced degradation appears more for red than for blue
light regions on the QE spectra.

6. Thereverse base enhanced degradation can be partially recovered under
open circuit condition.

7. Under areverse bias, white light causes more degradation than blue light.
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Band diagram for a crystalline/amorphous/crystalline region
In nc-Si:H with zero average electric field



(b) Forwarq biased diode Reverse b[ased diode

Band diagram for a crystalline/amorphous/crystalline region
In nc-Si:H with an electric field.
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Summary of the proposed model

1. Light-induced degradation is mainly in the amorphous
and grain boundary regions

2. A crystalline/amorphous/crystalline region equivalent to
a back-to-back diode structure

3. Reverse bias does two things:. reduce the electric field in
the forward biased diode and cause carries accumulation
at the grain boundary region. Both mechanisms result in
the reverse bias enhanced light-induced degradation

4. For an aSi:H/nc-Si:H double-junction cdlls, the nc-Si:H
mainly see the low energy photons and no light induced
degradation expected.



UNIFS®LAR.

Remaining fundamental questions:

. What determinethe stability of nc-Si:H solar cells?

. Arethere moredegradation for cellswith high
amor phous volume fraction?

. Do light-induced changes occur in the amor phous
phaseor at grain boundary regions?

. Arethereany new defects generated after light
soaking? What kind of defect?



UNI-SOLAR. e

Thanksfor the financial support from
NREL and varioustechnical supports
from the team members



